Abstract: Virginia mallow is a plant from the central and eastern states of North America. A large amount of high quality biomass obtained from V. mallow led to interest in this plant for bioenergy purposes. Unfortunately, high incidence of white rot disease caused by Sclerotinia sclerotiorum destroyed plantations of this plant. In previous attempts, various control strategies were not successful and all treatments failed (including the use of Coniothurium minitans). The aim of the study was to find and evaluate yeast-like fungi for biocontrol of S. sclerotiorum, evaluate the optimal thermal condition for biocontrol efficacy, and describe possible modes of action of potential biocontrol organisms. In dual bioassay test with 19 strains of yeast-like fungi with S. sclerotiorum, antagonistic potential were obtained. At different temperatures variations in antagonistic activity of yeast-like fungi were observed. At all tested temperatures (i.e., 4, 12, and 23°C), positive results were obtained. Extracellular enzymes were produced by the majority of antagonistic yeast, such as: amylases (the most frequent), chitinases, proteases, pectinases and xylanases. In this research, reduction in white rot symptoms on V. mallow stems was significant (P < 0.05). The highest inhibition of disease was observed after treatment with strains (114/64) Candida albidus and (117/10) Pichia anomala.
Introduction
Virginia mallow (Sida hermaphrodita) is a plant from the central and eastern states of U.S. and belongs to the family Malvaceae, section Pseudonapaea A. Gray (Clement 1957; Fryxell 1985) . This perennial plant, grows up to about 3-10 m. It blooms from July to October (until frost). It reproduces mainly by seeds, but it can also spread vegetatively since its root stumps produce numerous rhizomes. In North America it grows in wetlands. The range of its occurrence is limited to the central and eastern parts of North America. In Pennsylvania, Virginia mallow is observed along the rivers, sometimes on roadsides and railroads, which are located in the vicinity of rivers or wetlands (NatureServe 2012) . The large amount of high quality biomass obtained from V. mallow during harvest led to interest in this plant for bioenergy purposes (Szyszlak-Bargłowicz and Piekarski 2009) . In Poland, white rot symptoms on V. mallow were described for the first time in 1990 (Łacicowa and Kiecana 1991) . Its casual agent is Sclerotinia sclerotiorum (Lib.), de Bary and it has been regarded as a serious pathogen of many crops. It has been reported that this pathogen can infect over 450 hosts plants (Boland and Hall 1994; Pukacka 2007) . Its impact on the yield of oilseed rape was pointed out by Starzycka et al. (2004) , Korbas et al. (2009) . In the case of Virginia mallow Sclerotinia sclerotiorum remains the most important pathogen based on previous reports.
( Remlein-Starosta 2008) . The above authors reported the destruction of plantations by this pathogen for the first time. On infected plantations 5-40% of shoots were destroyed. Jajor et al. (2010) noted that the size of infestation on oilseed rape was highly correlated with temperature and humidity. The amount of inoculum identified on flower petals in the form of ascospores has not been correlated with the size of rape stalk infestation, but with weather conditions (Kaczmarek et al. 2012) . The optimal protective treatment of oil seed rape against S. sclerotiorum should be done during its flowering period (Kaczmarek et al. 2012) . In case of V. mallow it was observed in Poland by Remlein-Starosta and Nijak (2007) that the first shoots with wilting symptoms often appear in the second half of May, when plants reach about 50 cm and before they bloom. Also isolation made from leaves of plants did not reveal any pathogen infection. However, the first observed symptoms on V. mallow were at the end of flowering of rape plants. This suggests that the S. sclerotiorum ascospores are released intensively and infection occurs subsequently. The fungus S. sclerotiorum is capable of long-term spores release from apothecia (Clarkson et al. 2003) which may cause the emergence of new infected shoots. Previous studies indicate the positive relationship between the mechanical shoots damages of V. mallow and infection by S. sclerotiorum (Remlein-Starosta 2008) . Dillard and Cobb (1995) formulated similar conclusions while carrying out research on the process of cabbage infection. The source of inoculum for V. mallow were probably both ascospores and mycelium growing on the dead plants fragments. It has been known that during the annual harvest of biomass from this plant large amount of debris of dead stems and leaves remain on Virginia mallow canopy. This creates ideal conditions for germination of ascospores and mycelium development from wintering sclerotia.
Crops protection against S. sclerotiorum has been the subject of numerous studies. The effects of different strategies were shown to be unsatisfactory for disease control (Brachaczek et al. 2010; Smith et al. 2008) . In other studies Coniothyrium minitans was used to limit sclerotinia rot on rape plant (Jajor et al. 2010) . It has been shown that this fungus grows on sclerotia of S. sclerotiorum and inhibits the outgrowth of apothecia. C. minitans has been reported to attack the pathogen hyphae (Li et al. 2006) . The mechanism for biocontrol was shown to be competition for nutrient and space and parasitism on fungal hyphae and sclerotia (Whipps et al. 2008) . In a study by Remlein-Starosta, reduction of the development of sclerotina rot was insignificant (Remlein-Starosta 2014).
Yeast-like fungi, in most cases, often do not form fungal hyphae in the strict sense and their taxonomy fall into the Basidiomycetes and Ascomycota (Kurtzman et al. 2011) . They colonize as saprotrophs phyllo-and rhizosphere of plants. Their role and the importance for the host plant is not fully understood. Yeast-like fungi are currently used as plant protection agents (Kowalska et al. 2012) . It was observed that their presence on the surface of the fruit or leaves reduces the growth of pathogens (El-Tarabily and Sivasithamparam 2006; Fokkema and Van der Meulen 1976; Punja and Utkhede 2003; Tian et al. 2004) . The mechanism for the relationship between host plant and pathogen and yeast-like fungus is still unclear (Lutz et al. 2013) .
The aim of this study was to evaluate new yeast-like fungi for control S. sclerotiorum on V. mallow. In this paper we present the possible mode of action of biocontrol microbes used and suggest optimal thermal conditions for biocontrol efficacy on the fungus of Virginia mallow plant.
Methods
Isolation of yeast-like fungi from phyllosphere of V. mallow V. mallow leaves were collected in 2011-12 from experimental plantation located in Winna Góra (longitude: 17.437997 and latitude: 52.2145) in Western Poland. The leaves were sampled 5 times during the season for plant growth from April to August and were immediately transported to the laboratory. Isolations were made in less than 24 h after leaves were harvested. To enumerate and classify the inhabiting yeasts, leaf fragments (about 1 cm 2 ) from 5 randomly sampled leaves were cut with cork borer. Cut pieces were placed individually in sterile Eppendorf tubes and 2 mL of sterile distilled water (SDW) was added, tubes were placed on a shaker for 2 h and subsequently centrifuged (3000 rpm) for 2 min. The supernatant was decanted, and 0.1 mL of the suspension was removed from the bottom of the tubes and transferred by sterile pipette onto 9 cm diameter Petri plates. Each Petri plate contained 10 mL of a potato dextrose agar (PDA) (pH of 4.2) in which streptomycin (0.25 g L −1 ) and chloromycetin (0.25 g L −1 ) were added. The suspension and the medium were stirred, and allowed to solidify. Incubation was done at 25°C, at a photoperiod of 12/12 h. After 24 to 48 h the growing culture of yeast-like fungi were transferred on slants of PDA medium (pH 6.5). All strains were identified to species using chemotaxonomy methods (Kurtzman et al. 2011; Remlein-Starosta 2014) .
Screening for yeast-like antagonists
Yeast-like fungi were grown on PDA medium (Fluka, pH 6,5) for 3 days and S. sclerotiorum for 7 days at 20°C with a 12/12 h day/night light regime (pathogen was obtained from diseased stem of V. mallow). A dual bioassay was applied to examine the growth reduction of S sclerotiorum in the presence of yeast-like fungus. S. sclerotiorum (5 mm diameter mycelium cut) and tested yeast-like fungus (as a line) were inoculated onto 9 cm Petri dishes at distances of 4 cm between the potential biocontrol and the pathogen on PDA. As a control, S. sclerotiorum was cultured separately. The growth of S. sclerotiorium mycelium was measured (mm). The results were compared with the mycelium growth without the presence of the antagonist The test was completed when S. sclerotiorum completely filled the 9 cm diameter of the Petri plate. Agar plates were incubated at 25°C at a photoperiod of 12/12 h. S. sclerotiorum growth decrease by the antagonist was evaluated by quantifying mycelium inhibition of the pathogen. Each yeast-like fungus was tested in four replications.
Evaluation of optimal temperature condition effects on antagonistics
All strains with antagonistic activity were tested at three different temperatures (4, 12, and 23°C) in dual bioassay test as described above. The temperatures were chosen taking into consideration Polish climate during the vegetation season. For each strain, growth rate of S. sclerotiorum mycelium was measured. Each yeast-like fungus was tested in four replications, each plate was treated as a replication.
Extracellular enzyme production
In a test on solid agar medium, production of extracellular enzymes was determined: amylases were determined according to the procedures of Mestecky et al. (1969) proteases and pectinase (Strauss et al. 2001) , chitinases (Hankin and Anagnostakis 1975) , lipases (Atlas 1993) , and xylanase (Pointing 1999) . In all the tests, each antagonistic fungus (biocontrol) was tested against S. sclerotiorum in four replications. Results showing discoloration or color change of the medium were treated as positives.
Evaluation of antagonistic activity of yeasts-like fungi against S. sclerotiorum in tests on detached young stem of V. mallow
Strains with the highest antagonistic activity were chosen for test on fragments of V. mallow young stem. Stems (about 10 cm long) were surface-sterilized with 0.5% sodium hypochlorite solution for 5 min and rinsed three times in SDW. A suspension containing 1 × 10 6 CFU of antagonistic yeast-like fungus was prepared in sterile flask. Sterile stem cuts were immersed in each antagonistic spores suspension for 10 s. Then cuts (diameter 3 mm) of 7 day old mycelium of S. sclerotiorum were attached with sterile wooden stick to stem fragments. Each stem was inoculated with two S. sclerotiorum mycelium cuts. Inoculated stems were placed in plastic boxes (5 stems per box containing perlite soaked with SDW) They were incubated at 20°C, with a 12/12 h day/night regime. Control stems were treated with SDW and were inoculated with S. sclerotiorum. Four boxes (4 replications) were used for each antagonistic fungus. The experiment was repeated three times and it was completely randomized. The resultant necrosis was measured in mm.
Statistic analysis
Analyses were conducted using the Statistica 8.0 program (StatSoft ANOVA, Poland) followed by the Tukey's test at the level of significance P < 0.05; 0.01 or 0.001 for the following parameters: the influence of various temperatures on inhibition of S. sclerotiorum mycelium development by yeast-like fungi and the influence of 
Results
In 2010-2011 352 strains of yeast-like fungi were isolated from surfaces of Virginia mallow leaves. Different genera and species were obtained such as: Sporobolomyces roseus, Aureobasidium pullulans, Candida saitoana, Candida albicans, and Rhodotorula glutinis were mostly identified (Table 1) .
In dual bioassay test, 19 strains of yeast-like fungi with antagonistic potential were identified and obtained ( Table 2 ). The most frequent were antagonistic strains of C. albicans (6 cultures), C. saitoana (4 cultures), and Cryptococcus. albidosimilis (3 cultures).
In dual bioassay test at different temperatures, differences in antagonistic activity of yeast-like fungi were observed. At 4°C test, significant differences (P < 0.001) between the activities of strains were noted after two days of incubation (Table 3) . Strains: 113/25, 114/58, 115/61, and 117/60 had the most inhibitory activity against S. sclerotiorum mycelium growth. Observations carried out in consecutive days demonstrated changes in antagonistic activity of strains. The highest inhibition activity was demonstrated by a strain 117/10. Also higher reductions of mycelium growth was observed in the presence of strain 111/43. In the case of tests carried out at 12°C, mycelium of S. sclerotiorum was significantly (P < 0.001) reduced by strains 114/68, 114/73, 117/10, and 114/64 (Table 4 ). The last test was performed at 23°C and the isolates 114/69 and 117/10 had the greatest reduction of pathogen mycelium. Also high reduction of mycelium was observed for strain 114/73 (Table 5) . Extracellular enzymes were produced by majority of antagonistic yeast-like strains. Amylases were determined to be the most often produced enzymes (Table 6 ). Also part of isolates elicited chitinases, proteases, pectinase, and xylanase. However, no lipases were detected. Isolates 111/43 and 117/10 produced amylases, chitinases, and proteases.
Assessment of white reduction of symptoms of white rot were performed with strains exhibiting the highest antagonistic activity in three tested temperatures, i.e., strain 117/10, 114/64, 114/69, and 114/73. In all cases the reduction of lesion diameter was observed. The highest diseases inhibition was after treatment with strain 114/64 and 117/10 (Table 7) . Trichosporon pullulans a Genera and species were identified based on (Kurtzman et al. 2011 ). Means with the same letter did not differ did not differ significantly (P < 0.001). The samples were incubated for 5 days prior to determining inhibitions. phyllosphere are potential pathogens, the role of yeast-like fungi is not fully known. It was found that among yeast strains isolated, some strains have antagonistic or biocontrol properties which can be used in plant protection.
The first step in the search for new microorganisms useful in crop protection is isolation and testing the possibility of inhibiting effect on pathogens (Andrews 2003; Berlec 2012; Janisiewicz and Korsten 2002) . Most commonly are the search for antagonistic organisms, which restrict the growth of the pathogen, based on in vitro tests or test on plant organs (usually fruit). For tests on Petri dishes, interaction between antagonist and pathogen based on enzymatic reaction or on production of an antibiotic substance is used (Berlec 2012 , KordowskaWiater 2011 . In our study we obtained antagonistic yeasts-like fungi (19 strains of different species from 352) which inhibited linear growth of S. sclerotiorum. We used PDA medium which equally supports both yeastlike and antagonistic fungi. It is possible that our results were limited by the sample size. On the other hand, the technique that allows to remove fungi from leaf blades can also limit the efficiency of isolation (Lindow and Brandl 2003) . However, to the best of our knowledge, there were no previous studies on yeast-like fungi colonizing Virginia mallow.
Thus, it seems that impact of yeast like fungi on filamentous fungi is common phenomenon in nature. We can only assume that yeast form substances that inhibit the growth of other fungi.
In our investigations the most numerous antagonists were 2 species: C. albicans and C. saitoana. Candida species are the most frequently mentioned genera of antagonists in many investigations for instance C. guillermondi, C. oleophila (Saligkarias et al. 2002) , C. sake (El-Ghaouth et al. 2000 , 2003 Vinas et al. 1998) , and Korsten (2002) described C. saitoana as a factor limiting the development of gray mold and rot in storage of fruits and vegetables. From 17 isolates of C. albidus, no antagonistic interaction were detected. However this species is used in the product Yield Plus to reduce diseases in fruit stores (Kowalska et al. 2012) . Khan et al. (2004) described also other species Cryptoccocus with high potential for reducing the development of Fusarium spp. on wheat kernels. Similarly Wachowska et al. (2013) detected antagonistic interaction of C. albidus, R. glutinis and Saccharomyces cerevisiae to the mycelium of F. sporotrichoides, and its absence of this relation to F. avenaceum. In our study two isolates of C. albidosimilis limiting the development of S. sclerotiorum were identified, among the 26 R. glutinis strains identified by authors only one restricts hyphal growth of pathogen. Means with the same letter did not differ significantly (P < 0.001). The samples were incubated for 5 days prior to determining inhibitions.
c Mycelium growth in mm. Kalogiannis et al. (2006) analyzed 30 isolates of this species and found that 9 of them restrict the development of Botrytis cinerea on tomato. R. glutinis also restricts the development of B. cinerea by 53% in strawberry fruit pulp, by 95% on leaves in in vitro tests, while in field studies 13% reduction were reported (Helbig 2001) . Among the fungi obtained from V. mallow leaves, which inhibited the growth of S. sclerotiorum, two S. roseus strains were identified and one T. pullulans strain. P. anomala strain also had antagonistic properties. This species appears in many studies as a plant protection agent (Björnberg and Schnürer 1993; Jijakli and Lepoivre 1998; Lassois et al. 2008; Reeleder 2004) . Understanding the mode of action of the antagonists among yeasts will help to improve their performance resulting in the enhancement of their effectiveness as biocontrol agents and in the development of criteria for its rapid screening.
In Poland, because of wide range of temperatures during vegetation season, the biological control agents for plant protection should be effective at wide temperature range. In investigation of Pichia guilliermondii in vitro and in vivo experiments, temperature had a significant (P < 0.01) effect on antibiosis and subsequently the radial growth rate of pathogenic P. italicum (El Guilli et al. 2011) .
Comparison of the responses of antagonists on individual yeast strains showed considerable differences depending on the strain. Only in the case of strain 117/10 at all temperatures strong antibiosis effect was achieved. This indicates that this strain will potentially have greatest biocontrol activity under varying thermal conditions during infection by S. sclerotiorum. Other Means with the same letter did not differ significantly (P < 0.001). The samples were incubated for 5 days prior to determining inhibitions. All tests were performed at 23°C.
antagonistic strains limited the linear growth of S. sclertiorum, however were dependent on the temperature at which the test was performed. This was due to the properties of antagonistic strain, its development and production of antibiotic substances in given temperatures. These studies established that competition for nutrients could be particularly relevant in relation of sugary exudates on the plant surfaces and it was an attractive source of nutrients for both a pathogen and yeast. Chitinase, xylanase, and pectinase are cell-wall degrading enzymes that contribute to mycoparasitism and are described as the main factor in the antagonistic processes (Droby et al. 2009; Elad 2000; Verma et al. 2007 ). In our study, production of amylases also indicated the possibility of competition for nutrients especially for carbon sources like starch exudates. Four antagonistic yeast strains obtained from V. mallow produced cell wall-degrading enzymes (chitinases). Formation of both amylase and chitinases was reported only in case of four strains so it seems strain dependent. Xylanase, pectinase, and protease can also be involved in mycoparastism. However, they were produced by few of antagonistic yeasts isolated. It could be concluded that we observed different mode of action of each strain. Strain 117/10 with high antagonistic activity produced three exogenous enzymes (amylase, chitinase and proteases). Also in the test with strain 111/43, those enzymes were detected. Despite that, the second strain had weaker antagonistic activity. High activity of 117/10 may result from additional, undetected antibiosis effect.
Reduction of diseases symptoms were recorded in many investigations. But in case of S. sclerotiorum and yeast only Reeleder (2004) reported C. albidus and P. anomala. These microorganisms showed the potential to provide control of white mould on bean and had the inhibitory effect in the detached leaf assay where were tested for efficacy in controlling white mould of bean under growth chamber conditions. In investigation done wide range of isolates successfully inhibited S. sclerotiorum mycelium growth and had high influence on white rot lesion development.
Conclusion
The obtained results suggest there is a possibility to continue our research towards creating a new biocontrol product against S. sclerotiorum. 
